The spectral sensitivity of the ocelli of C alliphora was determined by means of the electroretinogram (ER G ). Sensitivity is high in the spectral range from 340 to 450 nm ; with still increasing wavelengths it rapidly decreases. Analysis of the shape of the ERG resulting from stimuli of dif ferent wavelengths, as well as experiments with selective chromatic adaptation, indicate that there is mainly one spectral mechanism contributing to the response.
The spectral sensitivity of flies as determined by means of behavioural responses has been investi gated with different methods. One would like to interpret these results in terms of the sensory input from the com pound eyes since considerable knowl edge of spectral sensitivities of ommatidial photo receptors has been accumulated 1. However, in be havioural experiments using, for example, optomotor response or phototactic orientation 2, ocellar input, because of the wide visual fields of the ocelli, might also have contributed to the responses.
In order to obtain inform ation on the spectral properties of such a possible contribution, we de termined sensitivities of the ocelli of a fly species by means of the electroretinogram (ERG).
M ethods
Calliphora, wild type, aged 4 to 8 days, from laboratory strains were used for the experiments. The convex surface of the ocellus investigated was carefully cut away using a razor blade. This allows a more homogeneous illum ination of the ocellar retina by means of a light guide, and it also lowers the resistance of the cornea to a value (approx. 5 -20 kohm) that enables the ERG to be recorded easily by just touching the remaining cornea with a capillary electrode. The electrodes (tip diameter ap prox. 10 //m , R approx. 10 -20 kohm) were filled with Ringers so lu tio n 3. The indifferent electrode was placed in the tissue below the ocellus. In order to get rid of ERG-contributions from the compound eyes, these eyes were carefully removed by means of a razor blade in a way similar to that described Light stimuli were delivered by means of a UVtransm ittant light guide (diameter 4 m m ), the end of which was placed at a distance of 5 to 7 mm and perpendicular to the ocellar cornea surface.
Light sources were two Xenon arcs (Osram XBO, 1 5 0 W att), the beams of which were combined by means of a half-silvered m irror and, using quartz optics, imaged onto the input end of the light guide. Heat protecting-, neutral density and interferencefilters (Schott, types Depal and UV-pil) as well as electromechanical shutters provided the monochro matic stimuli. The second light source allows the ocelli to be adapted with monochromatic light.
The preparation was first dark adapted for at least 30 min. The stimuli of a duration of 1 to 2 sec were given at intervals of 10 sec. The intensity at each wavelength was increased until the signals were somewhat larger than a criterion response of 0.15 -1.5 mV. Then the next wavelength was chosen and again the intensity increased until the response reached the criterion. Under these conditions a stimulus interval of 10 sec was sufficient to prevent detectable adaptation effects.
R esu lts
The ERG usually starts with a small (corneapositive) on-effect, followed by a negative m ain tained potential and a negative off-effect. The shape varies with the intensity as shown in Fig. 1 . Oc casionally the transients of the responses have been more oscillatory.
Stimuli of different colours always produced equivalent shapes of the ERG as long as the relative intensities were adjusted to give the same ERG am plitude; there is no colour-specific effect detect able within the shape of the ERG (Fig. 1) .
With increasing intensities the maximal amplitude AU (measured between on-and off-effect) increases monotonically. The curves for different wavelengths of light are shifted parallel to each other over a relative quantum rate scale (Fig. 2 c) . The relative num ber Q of quanta of different wavelengths, suf ficient to elicit a criterion response in the range of a 0.15 -1.5 mV, can be found from such curves. The relative sensitivity S=l/Q of several ocelli is drawn in Fig. 2 a, b . Sensitivity is usually maximal in the UV, but is still considerable at wavelengths up to 450 nm. Sometimes a second maximum occurs in this wavelength range, followed by a rapid de crease in sensitivity at still longer wavelengths. No significant difference between median or lateral ocelli was found (Fig. 2 ) .
The fact that no colour-specific change of the shape of the ERG can be demonstrated suggests that there is probably only one kind of spectral mecha nism contributing to the response. This view is also supported by experiments with selective chromatic adaptation; adaptation with UV-light or light of longer wavelengths suppresses the sensitivity at all wavelengths to a sim ilar degree (Fig. 3 ) . Due to limits in the light intensities available, it cannot be excluded, however, that with stronger selective adaptation colour specific effects of a kind as de scribed for dragonfly ocelli 5 might occur.
Discussion
The spectral sensitivity of the ocelli of Calliphora as determined by means of the ERG is different from the spectral sensitivity of other known insect ocelli. The cockroach ocellus contains -as does the ocellus of the fly -only one kind of spectral mecha nism. The sensitivity in the cockroach ocellus, how ever, is maximal at longer wavelengths (500 nm) with only a small shoulder in the UV 6. In the bee there are two sensitivity maxima present, one in the UV (335 -340 nm) the other in the green (490 nm). This spectral sensitivity curve, however, is com posed of contributions from two kinds of spectral mechanism with two different kinds of spectral sensitivities6. The spectral sensitivity of intracellularly recorded photoreceptors of dragonfly ocelli show maxima in the UV ( « 360 nm) and the green ( « 500 n m ). Selective adaptation shows that two spectral mechanisms can be recorded from each ce ll5. In one species (A n ax) also a third peak in the blue ( « 4 4 0 n m ) together with the one in the UV and the green spectral range occurred.
A comparison of spectral sensitivities shows that the receptors of the ocelli are different from the re ceptors so far found in the dipteran compound eye 1. Hence, the ocelli combined with these receptors, could provide the input of a system capable of "colour-vision" . Since the ocelli affect at least photo tactic responses 7, their influence probably introduces colour-specific effects into this kind of behaviour. Therefore it seems worthwhile to check also in other kinds of optically induced behavioural responses if and how the ocelli contribute to the response. If the ocelli give a main contribution to colour-specific ef fects, it is clear that such effects cannot be a proof for "colour vision" in the sense that a colour can be ascribed to a detailed object; for the task the optical resolution of the ocelli is obviously too poor 7.
Recently an unsuccessful attempt was made to induce a prolonged afterpotential (PDA) in the ocelli of D rosophila by means of blue light 9. This light is optimal for PDA-induction in receptors 1 -6 of D ro so p h ila 8. However, if the ocelli of Drosophila are different in spectral sensitivity from the receptors 1 -6 as in Calliphora, blue light might not have been the optimal wavelength for a PDAinduction in these receptors.
